The nitric oxide radical (NO⅐) plays an important role as a physiological messenger [1] . NO is formed from l-arginine [2] by NO synthase (NOS; EC 1.14.13.39), which exists in several isoforms [3] . Constitutive calcium-dependent isoforms (cNOS) modulate the control of vascular tone in endothelial cells or the neurotransmission in neurons, whereas inducible calcium-independent isoforms (iNOS) are located in macrophages, chondrocytes, and hepatocytes and are induced by cytokines and endotoxin [4, 5] . Pathological conditions associated with increased release of cytokines and endotoxin, e.g., inflammation or sepsis [6] , can therefore increase NO production.
NO is a very unstable, short half-life gas that breaks down rapidly into the stable products nitrate and nitrite [7] . Upon coming into the bloodstream, nitrite reacts immediately with oxyhemoglobin to form methemoglobin. Consequently, most NO produced is detected in serum as the remaining product, nitrate [8] . Recently, several reports focused on methods to measure nitrate concentrations in biological fluids [9 -11] . One of the most commonly used methods is based on the reduction of nitrate to nitrite by cadmium or nitrate reductase, the nitrite produced being determined by Griess reaction [9, 12, 13] . Other methods for monitoring NO production are based on chemiluminescence [11, 14] , enzymatic assay with an internal standard [10] , or chromatographic procedures [8] for nitrate [15] -all of which are time-consuming for routine application in clinical chemistry laboratories.
We describe a rapid semiautomated method based on the Griess reaction, involving a shortened incubation period of nitrate with cadmium. The method is applicable to several types of biological fluids.
Serum or plasma samples from healthy individuals after a 12-h fast were obtained in accordance with the Medical Ethical Committee of our hospital. Samples were stored at Ϫ20°C and were stable for at least 6 months. The method was adapted to a Hitachi 717 Analyzer (Boehringer Mannheim). Cadmium granules were from Fluka. Copper sulfate, zinc sulfate, sulfanilic acid, glycine, ascorbic acid, sodium nitrite, and potassium nitrate were from Merck; sodium hydroxide, phosphoric acid, and hydrochloric acid from Panreac; and naphthylethylenediamine and lithium nitrate from Carlo Erba.
We deproteinized 300 L of serum or plasma by adding 250 L of 75 mmol/L ZnSO 4 solution, stirring, and centrifuging at 10 000g for at least 1 min at room temperature, after which 350 L of 55 mmol/L NaOH was added. Again, the solution was stirred and centrifuged at 10 000g for 3 min and the supernatant was recovered (the supernatant must be free of turbidity for measuring nitrate concentrations). We diluted 750 L of supernatant with 250 L of glycine buffer (45 g/L, pH 9.7).
For assay of urines, 100 L of urine was diluted with 900 L of the glycine buffer; for cerebrospinal fluid (CSF), 750 L was mixed with 250 L of the glycine buffer.
Cadmium granules (2-2.5 g) were rinsed three times with deionized distilled water and swirled in a 5 mmol/L CuSO 4 solution in glycine-NaOH buffer (15 g/L, pH 9.7) for 5 min. The copper-coated granules are to be used within 10 min. After use, the granules are rinsed and stored in 100 mmol/L H 2 SO 4 solution; they can be regenerated by repeating these steps.
Calibrators at various concentrations were prepared by diluting stock 20 mmol/L solutions of NaNO 2 , KNO 3 , or LiNO 3 with deionized distilled water. The nitrate calibrators were diluted with glycine buffer just as the serum samples were. Calibration curves were made over a linear range of nitrate between 0 and 100 mol/L.
Freshly activated cadmium granules (2-2.5 g) were added to 1 mL of pretreated deproteinized serum, urine, CSF, or calibrator. After continuous stirring for 10 min, the samples were transferred to appropriately labeled tubes for nitrite determination.
Reagent 1 consisted of 50 mg of N-naphthylethylenediamine dissolved in 250 mL of distilled water. Reagent 2 was prepared by dissolving 5 g of sulfanilic acid in 500 mL of 3 mol/L HCl. Both solutions are stable for at least a year at 4°C. Results were expressed as the mean of duplicate determinations. New calibration curves were calculated for each batch of samples. The instrument settings for the method, shown in Table 1 , were used with 20 L of sample, 75 L of reagent 1, and 80 L of reagent 2. Final concentrations were 1.47 mmol/L (0.43 g/L) N-naphthylethylenediamine, 26.4 mmol/L (4.57 g/L) sulfanilic acid, and 1.37 mmol/L HCl.
The reduction of nitrate at concentrations of 10, 30, and 50 mol/L was complete within 10 min at room temperature ( Fig. 1) . To confirm the completion of the reduction of nitrate to nitrite, we added nitrite, 15 mol/L, to the three nitrate solutions. Before reduction, nitrite concentrations were 15.5, 15.1, and 15.8 mol/L, respectively. After 10 min of reduction, concentrations were 25.8, 45.7, and 66 mol/L, respectively, indicating that the reduction was complete.
The reaction was linear with concentrations of nitrate calibrator up to 600 mol/L: y ϭ 0.0019x ϩ 0.0022 (r ϭ 0.9999, S y͉x ϭ 0.001). The detection limit of the assay, i.e., the concentration corresponding to the mean Ϯ 3 SD (n ϭ Clinical Chemistry 44, No. 3, 1998 20) for the 0 mol/L (nitrate-free) calibrator solution was 0.8 mol/L.
Analytical recovery of nitrate (0, 25, 50, 75, and 100 mol/L) added to plasma samples from apparently healthy subjects was 98.8 -102.6% (mean 100.4%, n ϭ 8) over the concentration range tested (0 -150 mol/L) Within-run precision was calculated by 20 replicate determinations of two serum pools with normal and high nitrate concentrations. Between-day precision (n ϭ 20 days) was determined from replicate measurements of each pool (between each experiment serum pools were stored at Ϫ20°C). Within-run and between-day imprecisions were 4.2-6.2% and 5.7-8.5%, respectively.
Solutions of nitrate from 10 to 100 mol/L were ali-quoted and stored at Ϫ20°C. Aliquots were assayed for nitrate before and after storage every day for as long as 45 days. Between-day imprecisions were Ͻ10% over the concentration range tested. We found no correlation between the nitrate concentration and the time of storage. These data confirm the stability of the nitrate solutions.
For interference studies, we used nitrate calibration curves made with hyperbilirubinemic, hemolytic, and hypertrigliceridemic plasma samples. Recovery of nitrate in these plasma samples after deproteinization was 98 -104% (mean 101.1%, n ϭ 4). Because ascorbate and phosphate inhibited the reduction of nitrate by 20% and 34%, respectively, we tested the possibility of interference by phosphate or ascorbate after deproteinization. Nitrate calibration curves were performed with otherwise normal plasma samples to which had been added 10 mmol/L phosphate or 2 mmol/L ascorbate. Recovery of nitrate from deproteinized phosphate-or ascorbate-supplemented plasma samples was similar to that in the nonsupplemented plasma samples: 98.6 -102.4% (mean 100.3%, n ϭ 4).
We used this method to measure the nitrate concentration in sera from 40 healthy subjects who had fasted for In methods that rely on reduction of nitrate to nitrite by a metal or nitrate reductase, with subsequent determination of nitrite by diazotization [9, 12, 13] , deproteinization is essential to eliminate artifactually high results in most plasma or serum samples [9, 13] . In the kinetic cadmium assay, the conversion of nitrate to nitrite can be best achieved with a combination of a reducing agent and a catalyst [13] . The main drawbacks of this method are that some metals carry the reduction beyond nitrite, that some constituents of biological material such as ascorbate or phosphate interfere, and that the addition of an internal standard is needed to overcome the effects of inhibitors [13] . In their nitrate reductase-based reduction method, however, Moshage et al. [9] documented near-quantitative and reproducible recoveries for nitrate in normal, hemolytic, or hyperbilirubinemic plasma samples. Consistent with their findings, our method shows similar high (98 -104%) recovery values for nitrate in normal, hemolytic, hyperbilirubinemic, or hypertrigliceridemic plasma samples after deproteinization. Moreover, we found that deproteinization removes the interference of ascorbate and phosphate. Our data suggest that substances in plasma/serum neither interfere with nor enhance the quantitative reduction of nitrate and development of Griess chromophore. Reduction was complete within 10 min of incubation.
In this method, the reduction of nitrate to nitrite is complete within 10 min, much shorter than the 90 min for the kinetic cadmium reduction method [13] , 45 min for the enzymatic one-step assay [10] , and 20 min for the enzymatic method of Moshage et al. [9] . Green et al. [12] , by using a high-pressure reduction column coupled with a continuous-flow analyzer, reported a shorter reduction time (within 1 min), and an analysis rate of 30 samples per hour. Although our reduction time is longer, the analysis rate, considering the overall time spent on deproteinization, reduction, and measurement in a Hitachi 717 analyzer, amounts to Ͼ150 samples per hour. Recently, Yang et al. [11] described a very sensitive method for chemiluminescent detection of nitrate, but estimates for the analysis rate were 15-30 samples per hour. Moreover, the automated device by Green et al. [12] was specifically designed for analyzing nitrate concentrations and is not available to the majority of clinical chemistry laboratories. By contrast, Hitachi analyzers are widely used and allow simultaneous performance of other analyses. An additional advantage of this method is its low cost, because the cadmium may be regenerated and the reagents are cheaper than those used in enzymatic methods (nitrate reductase or ␤-NADPH).
The semiautomated method described here responds in a quantitative linear fashion to nitrate within the range of 0.8 to 600 mol/L, whereas the other methods are linear only up to 200 -300 mol/L. The detection limits and the within-run and between-day imprecisions for this method are similar to those reported in the other methods [9, 10, 12, 13] . Values reported for serum are similar to those documented by Moshage et al. [9] .
We conclude that this semiautomated procedure provides an easy, less time-consuming, inexpensive, and reliable method of analysis for nitrate concentration in biological fluids, and is therefore suitable for routine performance in clinical chemistry laboratories.
Determination of cord blood gases and pH is recommended in all neonates with low Apgar scores to distinguish metabolic acidosis from hypoxemia or from other causes that might result in low Apgar scores [1] . Although the metabolic acidosis found in cord blood is a poor predictor of long-term neurological injury [2] , assessment of umbilical cord blood gas is helpful to exclude intrapartum or birth events that cause acidosis and serves as legal evidence against any alleged association with poor outcome [3] .
Textbook recommendations for postpartum umbilical cord blood sampling include immediate transport of the blood in a heparin-containing syringe placed in a plastic sack containing crushed ice [4] . Several studies have previously questioned the utility of this method [5] [6] [7] [8] [9] [10] . Sato and Saling [5] evaluated pH values after only 30 min and at every hour up to 7 h in 30 blood samples stored at room temperature and in 30 different samples stored in a refrigerator. They concluded that if fetal blood has to be stored for Ͼ50 min, it must be kept refrigerated to inhibit autoxidation. Hilger et al. [6] evaluated the sequential changes in gases and pH in blood taken from the umbilical vein or from a superficial placental vein at 15-min intervals and at room temperature only. They found that as long as blood was taken from the cord vein, the gases and pH were not affected by as long as 1 h delay in sampling. Pel and Trefferes [7] and Sykes and Molloy [8] used blood samples collected into heparin-containing syringes and stored refrigerated for as long as 6 h and compared this with blood collected from an umbilical cord segment left at room temperature. The conflicting results of the latter studies were attributed to differences in the dose of heparin in the collecting syringes. Strick-
